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RECENT EXPHKIMKNTS W’WH THE FKKIi-EI.ECTIiONLASFIK ArII Los AI. AMOS*

Donnld W. Feldman and Roger W. Warren

MS H825, L09 Alamos National Laboratory
Los Alamos, New Mexico 87545

Abstract

f.rnprovements in the operational characteristics of the
I.OS Alamos free-election laser ha-~e produced experimental
results in reasonable agreement with theory and simulation.
The resultaofthese experimen~ will be described,

Introduction

A gTeaL deal of etTort over Lhe past several years has

~.s Alamos !ree-elect.ron laser {F#L). ‘T~e amplitude and
one in~ im roving a number of s stem arameten in Lhe

Liming fluctuations in injector ~n pulses and rfpower have
been reduced by about nn or er of magnitude; nonlinear
uptical elTects in cavily mirrors have been eliminated wiLh
LIIZ use of cupper mirrom; wakefields, which produced
transverse and Iungltudinal emittance growth ~L high
curren@ have been eliminated or reduced. l+%:
Impmvementa have enabled us to carry out a aaries of
experimen~ 1 4 in the past year that demonstrated Iaael
performance in grntif ing a
theory ~nd numerlca~simu~~~.ntd$ %%’%1’;%’~~
sections briefly describes a set of experimen~ Lhn L
demunsr.rates u wgnlficanl as ct of free-electron iaaer
{]peralluli, YThe firstgruup invo ves a uniform wiggler, the
second, several Lnpered wlggle~. A dewriptlon of tiese
wIgglcrs, the nccelertilor. And optical system can b found in
,)l~rell rlierpu bllcn Li~Jns.

l.~tiing with Lnlform Wigglers

Sideband Suppression

13et,,r~ Lhe recent imprnvernents In the s~stem, we had
observed g~lns us hi~h us 40% in the I m uniform wi

f %%::III rv(-rn L txperlmun~, we httve seen galnti as hl h as
IL peuk currenui of -31J0.4t)0 A. These gain VII ues are in
rou h a~re~inent with slmutabona. $ The chnr~cmristics of

Y[he riser now rhange In H re roduclble and predicable way
fwlLh ~,hhnges In the Ien@h () the cavity reuunn~r Figure I

●h{, ws M Lvplra! rxperlmen L~[ detunln~ curve one-

,“
J :

,U

1,.
,,

.! k! ,,! ,!, . . I .,,

AVIIV 1)1 II IN IM, (,,, III

,VAVELENGTH .-

Fig. 2. Kmprlnwnuil +pvc!rum qhowlng (u) ntlrrow +~ctrul .huw I’,11
lur~v detuninu near A, (h) wenk. sldehandn (or modernle delun)n~ nrtir
1! I(I mulLIplv evunly spmced ~ldekmndti near C

mu-dulahun uf the optical
(!

ulse, with peak powers 5 times
Lhe nverage, lhaL is, 10-50” W. The same behavior has betin
shown in simulatiunu. ~

‘t ‘arrr ‘e’unind’ ‘e ‘pikesbecome sharper, narrower, ~nd c aouc, alaa In a~eemen L
with calculatiunu, t Th, ~oectrum extends uver a wavtlen
range of -. 10%, uncle ited pesk pwen exceed 100G #n

.\a describd ab, i:, changing the cavity length by
-30 pm forcen tie Fli L w upera~ in a single, wanufurm
iimited line, The theory explaining such wdebnnd
suppresslun is described in Ref, 7 tind iu cunsis~nt with our

~)bservntluns, l)eLUfIlfI~ IS un ele~ant wuy Lu eiimirlulu
wdehnnd~ becnuse it requires no uddltiunal ap urtitus, For II

!+uniform wlggier, deluning ctIuseu tI loss of e Iclency. This
rebult, however, lb in Lrinnlc to uidebnnd aupprewslun In
unlforrn WI glers bec~use the modulation ofthe upticnl pulse

th the side ands i~ the direct cauue of the rnhancemen L In

‘J
e Iclenc MLzero deluding. [n mntrnrnl, f[w tapered wIKglers,
wdeban u reduce efflcienc

K
and delunlng hau been JI

~v~mplewly satlufnctory side and eupprcnu. un technique Il)r
1111(if thtwe wl~~ler con figuruuo, Mtha[ we have Lesled,

“1’hc munt UhVIIJUII dluudvunuige (If cuvlly l&ngLh
rietunl[l~ f,]r sldehund supprcamon IU thtit Lhe wuvelen th IS

not txjnutrnlned U-I ti fixrd v~lue hut uhnn~eu with f (’11111

A su pr:ls~~(ln technlquv lhnt
;:;:’% :n%:;’%ef::::, Wou,cr he l,f u., Wl, Il; lvl,

!!
vx erlmvntf~lly exwmlnd (Jnr sl,ch tewhnlqut lhv II S{, (II ;I
dI rnc~on ~rullng ruled I]n one of Lhe t,avlty Illlrr{jrs I’ll,,

mlrr(~r IU II u herlcul Krnling f~pernted In II l.ll Lr!)w
tt.l~nfl~llr[llli,n, t nl 1~, lh~ rjeMlred Iighl, dltTr~t,t~d Inl II Ill!,

fir.~1 (,rrler, IS rrturncd up~}n Itself l.l~ht nt this SIdVhIIIIIl

w[iv(,len~ths Is(llnrll(tcd LII LhL sIdr, It I]IWB Iit)t Intrrli,l WIII1

this rlrr[r, }rl ht,nm IIIId IS IIIIt Itmplllird I’SIII u~ grt[lng WI(I)
*I pll(tl III’ nlX lIIIrs InrlI, wt, wrrv 111111:III pr~x U(I: Lrllllsl,,rlll

lIIIIItV(l IIIJIO wldlh~llt,llvlty l)(lw~.rqllli.xc~.sHljl’ 100” MW ,11111

>111)1, lt. Ll!l 11}11>1 V 111111]11- lII!h( ,1111 ,)l”lhv I, II VIIV II) .I II 1111111,11111

Kr:illl)d 1,111,1 I’})!, ,.lli(ltt]( II,, ,I;)w,rkt,{l wilt) ,1 NI,I(II1): wt, r,

l{!ll,ls 11,11( WI(I1 Cllvl[y dt.11111111~ l’l, \lll l., Ill Ill l\ 1111 .41111,
I Iii, 1411]1} Wll!! ,l)s~,rvi,tl will’lht’r 11111 .IIII, II II III I , WIII

.(,l)l)r~,,w.(i t)} III) ;I(,LI\I, 111,11,11 III IIV I II\:[\ (lt,lilllIll~
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this wiggler, pnrticu!nrly when the FEL is Iilsing Wcilkly.
When the cavity power is hi her, the buckels are dcupcr,
fewer electrons frill out. an) n weil-detineci peuk in the
mwgy s ectrum a pars at nn energy loss consistent with

1’ {’the wlgg er taper. ne experimental energy spectru fur bulb
wigglers are in jfood q.alita ‘Live n eemcnt with simple

Yphysiml mudels II tnpered wigglem. n ndditiun. the spectra
ab~ee quantitati%cly with those culculu~d in end. tu-end
simulations thut modeled the accelerawr and beum line with
the accelertitm tuck PA1l.MEI.Aand the FEL with the 31)
FELuwieFELEX.1~

t,

19.17 17.o1 1on ZD.la 21.1s a.m

Kfflciency

The hl~hest el?iulerwy that we hud previl]u~ly uchirvrd
with thr 12’; wIg~ler wus -2.0%, It wus probably limited hy
mlnllnebr behuvllw IJ Lhe dielectric mirrrmn und emit~nc~
~r{,wth II( thti e.henm. The highest etl’iciency now menrmred
Is 4,4(; “l’he meusured ●xtrncthm effhnencies nre in
Wiibllilllhk ;Igreemvnt with end-m-end three -dime nw, ~nul
pulse ctilculuti,ms usin~ I) ARMELA und FELEXI I

t“onrlubions

The cxpcrimenk i : the Los Alamus k’rtw h~luttrtm
Laser during the pust yc:lr hnvc significuntl - incrcascd i,ur

iunderstanding 01 :hr p!iysics of rf FIIL USCI Iuturs und ijur
confidence in buth si.mp]e physiti:ll models ;Inrl numeric~ll
simulutiilns. Althtjugh Lhcru :tre still uncertainties in Lhr
VUIUCS uf ii nurnbrr uf uur bciwn pilramt?lers, thu Fk~].
~rfurrns in quulitutivu ngruument with physicul mudeis und
In remunable qutinti Lutive tigreement with numrriml
simulations.

The 1AM Alamos ML is currently being compleLuly
rebuilt with n laser-driven phutoelrwtric injech~r. ,I,hl~

change is expected tu enhance its perfurmunru und II IIIIW
nuw experiments thut will exttnd our knuwlcd~c d’ thu
physics U! these devices,
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